In the gauge-Higgs unification with multiple extra spaces, the Higgs self-coupling is on the order of g 2 and the Higgs boson is predicted to be light, being consistent with the LHC results. When the gauge group is simple, the weak mixing angle is also predictable. We address a question on whether there exists a model of gauge-Higgs unification in 6-dimensional space-time, which successfully predicts the mass ratios of the Higgs boson and weak gauge bosons. First, using a useful formula, we give a general argument on the condition for obtaining a realistic prediction of the weak mixing angle sin 2 θ W = 1/4, and find that triplet and sextet representations of the minimal SU(3) gauge group lead to the realistic prediction. Concerning the Higgs mass, we notice that, in the models with one Higgs doublet, the predicted Higgs mass is always the same: M H = 2M W . However, by extending our discussion to the models with two Higgs doublets, the situation changes: we obtain an interesting prediction M H ≤ 2M W at the leading order of the perturbation. Thus, it is possible to recover the observed Higgs mass, 125 GeV, for a suitable choice of the parameter. The situation is in clear contrast to the case of the minimal supersymmetric standard model, where M H ≤ M Z at the classical level and the predicted Higgs mass cannot recover the observed value.
Introduction
generator of the weak hypercharge and the orthogonality Tr(I 3 Y ) = 0 has been used. We thus obtain TrI Tr Q 2 . As the repr. of SU(3), we choose the simplest triplet. Since the triplet is decomposed under the subgroup SU(2) L as 3 → 2 + 1, the upper two components of the triplet can be regarded as the SU(2) L doublet, and therefore the electric charges of these upper two components differ by one unit. We also note that Tr Q = 0, since the charge operator should be one of the generators of SU (3) .
Then, the charge assignment for the components of the triplet can be written generally in the form of 
with a parameter q. Then, using Eq. (2.1), the weak mixing angle is written as sin 2 θ W = ( . Thus, we get sin 2 θ W = 3 4 from Eq. (2.3) [10, 11] .
When the adopted gauge group G is larger than SU(3), its adjoint repr. generally contains various repr.s of the subgroup SU(3). For instance, in the case of G = G 2 , the adjoint 14 repr. is decomposed under the subgroup SU(3) as 14 → 8 + 3 +3. Thus, the Higgs doublet no longer has to belong to the octet, but may belong to other repr.s of SU (3) . Namely, there appears a possibility of obtaining a realistic prediction of the weak mixing angle, sin 2 θ W = 1 4 . Note that (2.3) implies that sin 2 θ W = 1 4 is obtained if and only if q = 1 or 0. We find that the first possibility q = 1 to obtain sin 2 θ W = 1 4 is realized if the Higgs doublet belongs to the triplet of SU (3) . In fact, in this case, the second component of (2.2) itself should be the neutral component, and q − 1 = 0 → q = 1. This is why the gauge group G 2 leads to sin 2 θ W = 1 4 [5, 12] . To be more precise, in the case where the triplet component among 8 + 3 +3 develops the VEV, we obtain the desirable result, while if the octet develops the VEV, we again obtain sin 2 θ W = 3 4 , just as in the minimal SU(3) model.
We point out that another new possibility q = 0 is realized if the Higgs doublet belongs to the 2nd-rank symmetric tensor repr., i.e., sextet repr. 6 of SU (3) . Since the sextet is constructed by the symmetric product of two triplet repr.s, the neutral component of the Higgs doublet comes from the product of the second and third components of the triplet. Thus, the parameter q is fixed as q − 1 + (1 − 2q) = −q = 0 → q = 0. In the next section, we discuss the Sp(6) GHU model, whose adjoint repr. is known to incorporate the sextet of SU (3) , as the prototype model for realizing this new possibility.
By discussing the repr.s 3, 6, and 8 of SU(3), we have exhausted all repr.s up to the 2nd-rank tensor. The argument is easily generalized. Suppose that the Higgs doublet belongs to a generic tensor repr. R i 1 ,··· ,im i 1 ,··· ,īm , where the indices i andī denote the components of 3 and3 of SU(3), respectively. The indices i 1 , · · · , i m andī 1 , · · · ,īm are supposed to be totally symmetrized, respectively. Then, it is easy to see that q = 1 is realized for |m−m| = 1, whose simplest case is the triplet (m = 1,m = 0) and q = 0 is realized for |m −m| = 2, whose simplest case is the sextet (m = 2,m = 0). Now, we know what repr.s of SU(3) lead to the realistic weak mixing angle, and this knowledge is useful for choosing the gauge group: we can focus on the gauge group whose adjoint repr. contains such desirable repr.s of SU(3). Once we have a model with the realistic weak mixing angle, the next step will be to investigate whether the model predicts a realistic Higgs mass at the same time. In the following sections, we address this question by taking several concrete models with one or two
Higgs doublets in 6D space-time. Since the weak mixing angle crucially depends on the choice of the gauge group, it may be natural to expect that the mass ratio of the Higgs boson to the weak gauge boson also depends on the choice of the gauge group.
What we discuss in the following two sections are models with gauge groups of rank 3. We do not discuss the G 2 model with the simpler group of rank 2, since it has already been shown that the model predicts M H = M Z at the classical level, although the prediction of the weak mixing angle is realistic: sin 2 θ W = 1/4 [12] .
Sp(6) model
What we first discuss is the 6D Sp(6) GHU model with one Higgs doublet in its low energy effective theory. The reason for this choice is that the decomposition of the adjoint repr. of Sp(6) under its subgroup SU(3), 21 → 8 + 6 +6 + 1, (3.1) contains 6 (or6) repr. Thus, this is a prototype model to realize the realistic weak mixing angle sin 2 θ W = 1/4 by assigning the Higgs doublet to the sextet repr. of SU(3), the new possibility proposed in the previous section.
Knowing that the prediction of the weak mixing angle is successful, the main purpose in this section is to study the ratio of the Higgs boson mass M H to the weak scale M W , in addition to the concrete confirmation of the weak mixing angle. The ratio M H /M W has been known to be 2 at the classical level in the 6D SU(3) GHU model with one Higgs doublet [3, 4] . If the prediction of this ratio changes depending on the gauge group, as we have seen in the case of the weak mixing angle, there may be a chance of realizing a more realistic mass ratio M H /M W in this Sp(6) model.
Gauge kinetic term
The 21 generators of Sp(6) are given for the fundamental repr. 6 [ 3 +3 under SU(3) ] as follows:
2)
3)
where λ a are Gell-Mann matrices and the six symmetric matrices M j are
These generators satisfy an ortho-normal condition:
We introduce 21 gauge fields A a M :
where
By using the field strength tensor,
the gauge kinetic term is constructed as usual:
12)
with
(3.14)
Orbifolding and KK zero modes
In order to have one Higgs doublet as a KK zero-mode, we adopt an orbifold T 2 /Z 6 as our extra space, imposing the invariance of the theory under Z 6 transformation:
The "Z 6 -parity" assignment for the fundamental 6 repr. is given by the matrix
Then, the corresponding Z 6 -parities for 4D gauge and scalar fields are fixed as
We thus realize that the KK zero-modes of 4D gauge bosons are those of SU(2) L × U(1) Y , together with an additional U(1) gauge boson, and the KK zero-modes of 4D scalars just correspond to our
20)
where the 3 × 3 matrices a µ and a z are given as
γ µ and A 9 µ stand for the photon and the extra U(1) gauge boson, respectively. Note that the photon field appears in (3.22) so that the coupled charge operator is written as , and therefore
as we expected.
Mass ratios of weak gauge bosons and Higgs boson
In this subsection, we calculate the masses of the weak gauge bosons W 
Note that, in GHU, the quadratic term of the Higgs field does not exist at the tree level and is induced at the quantum level with a UV-finite coefficient [4] . Once the VEV v is generated by the radiatively induced negative mass-squared term, the masses of W ± µ , Z µ , and h can be written in terms of these coefficients as
The coefficients κ, κ ′ , and λ can be read off from the commutator squared in Tr(F µ z F µz ) and Tr{(F zz ) 2 }:
We find
which in turn mean, from (3.27),
We thus conclude that
The former relation is consistent with sin
The latter relation, however, is exactly the same as that predicted in the SU(3) model with one Higgs doublet (Z 3 orbifolding) [3, 4] , and unfortunately, we cannot obtain a closer Higgs mass to the observed value by adopting Sp(6).
SU(4) model
We have already mentioned that the exceptional group G 2 leads to the realistic weak mixing angle sin 2 θ W = 1/4, if the Higgs doublet belongs to the triplet component of the subgroup SU(3). There is another familiar gauge group, whose adjoint repr. contains the triplet, i.e., SU(4): the adjoint repr. 15 is decomposed under SU(3) as 15 → 8 + 3 +3 + 1. In this section, we address a question whether or not this another possibility of the gauge group predicts a desirable Higgs mass. We just follow the argument made in the previous section and will skip the detail.
The orbifold we adopt is T 2 /Z 6 . The "Z 6 -parity" assignment for the fundamental repr. is given by a 4 × 4 matrix
Accordingly, the KK zero-modes for 4D gauge and scalar fields are written as
+ the extra U(1) gauge boson, (4.2) Again, the coefficients κ, κ ′ , and λ of (3.26) can be read off from the commutator-squared in
Thus, we conclude that
We realize that, although the weak mixing angle is realistic,
predicted Higgs mass M H = 2M W is again the same as in the cases of the SU(3) and Sp(6) models.
SU(3) Model with Two Higgs Doublets
So far, we have studied 6D GHU models with only one Higgs doublet in its low energy effective theory and have seen that all the models predict M H = 2M W , which is rather far from the observed value of M H at LHC experiments for the quantum correction to recover the difference. Now, we consider the possibility of realizing a prediction of M H , which is closer to or even coincides with the observed value, in the framework of the 6D GHU model with two Higgs doublets. It is interesting to note that the MSSM has some similarity to such a GHU model, having two Higgs doublets and the Higgs self-coupling being governed by the gauge principle; λ ∼ g 2 . In MSSM, however, the tree level prediction is M H ≤ M Z cos 2β and there is no chance for the tree level prediction to coincide with the observed value.
One remark here is that, in our model, the quadratic terms of the Higgs doublets do not exist at the tree level, while the quartic self-coupling is provided by g 2 [A 5 , A 6 ] 2 of the gauge kinetic term at the tree level, as we have seen in the previous sections. Thus, we are going to calculate the 1-loop induced quadratic terms. Our attitude here is to consider only the leading contribution of the perturbative expansion to each term of the Higgs potential.
The model
The model of interest is a 6D SU(3) GHU model with an orbifold T 2 /Z 2 as its extra space. The Z 2 orbifolding is needed to obtain a chiral theory and the necessary breaking SU(3) → SU(2) L × U(1) Y , but we still have two Higgs doublets coming from the two extra space components A 5 and A 6 [ For instance, the Z 3 orbifolding leaves only one Higgs doublet at the KK zero-mode sector [3, 4] ]. The torus T 2 are described by extra space coordinates (x 5 , x 6 ). For simplicity, lattice vectors along the two independent cycles of the torus l 1,2 are assumed to satisfy
The Z 2 -parity assignment for the triplet of SU (3) is given by
Accordingly, the Z 2 -parities for the gauge-Higgs sector are fixed as
We thus realize that the KK zero-modes of 4D gauge bosons A µ are just those of SU (2) 
A general analysis of the Higgs potential and Higgs mass
Here, we study the Higgs mass in the two Higgs doublet model in a general framework of the effective Higgs potential, where the quadratic term of the Higgs fields is assumed to take a general form allowed by gauge invariance, while the quartic self-coupling term is given by its tree level contribution:
Let us note that there should be no local operators responsible for the quadratic terms of the Higgs fields, since the gauge invariance in the bulk implies that the gauge-invariant and Lorentz-invariant local operators are written by the use of field strength, and even the operator with minimum mass dimension, F M N F M N , already has mass dimension 4 (from 4D viewpoint) and therefore does not contain the quadratic terms. Thus, the only possible operators relevant to the quadratic terms are either global operators due to the Wilson-loops along two independent cycles of the torus,
or the "tadpole" term, the linear term of F 56 corresponding to U(1) Y localized at the fixed points of the orbifold, which leads to a quadratic term Tr(
) is the U(1) Y generator ]. The tadpole term is consistent with the remaining gauge symmetry at the fixed points, SU(2) L × U(1) Y , although it contradicts with the bulk gauge symmetry. This possible tadpole term, being a local operator, may be induced together with a UV-divergent coefficient.
Thus, a general form of the effective potential with respect to the two Higgs doublets up to the quartic term is written as . The concrete form of (5.8) in terms of two Higgs doublets H 1,2 is calculated to be
At the tree level,
Thus, the leading contributions to the quadratic terms appear at the 1-loop level, and we will calculate the quantum corrections later.
The minimization
Here, supposing a and b are radiatively induced, let us perform the minimization of the potential and calculate the mass eigenvalues of 4D scalar particles.
First, we find that
is necessary, otherwise the potential becomes unstable in the "flat-direction", where H 1 ∝ H 2 and the quartic term disappears:
For the purpose of minimization, we first focus on the neutral components φ In terms of the VEVs of the neutral components,
the potential reads as
14)
The minimization goes as follows. Let
Then, we can complete the square:
We need to impose > 0 and the vacuum energy
2 /8λ takes its minimum at sin θ = 1. We thus replace sin
Thus, we finally obtain the VEVs of the Higgs fields, 
Mass eigenvalues of 4D scalars
We will have five physically remaining scalar particles, just as in the MSSM. We now derive the mass eigenvalues of these physical states. It will be useful to perform a unitary transformation between two Higgs doublets, so that only one doublet develops the VEV v:
From (5.18), we realize that only H develops a nonvanishing VEV:
where we have assumed that the VEV of H is real without loss of generality. Namely, H is regarded as the doublet behaving as one of the SM. Then, the NG bosons G ± and G 0 and the physical Higgs scalar fields are denoted as
Note that the NG bosons should belong to the doublet developing the VEV, i.e., H, and do not mix with physical scalar fields at the mass-squared matrices. That is why this base is convenient for analyzing the mass eigenvalues.
Our task is to calculate the mass eigenvalues for the physical states, h + and P , and especially the "CP-even" neutral Higgs h andh. For that purpose, we rewrite the Higgs potential (5.9) by the use of H andH:
Substituting (5.22) in (5.23) and extracting the quadratic terms of the fields, we get
where the relation If we identify the lighter CP-even neutral scalar with our Higgs particle, its mass is given depending on the relative magnitude of a to 2M
(5.27) Interestingly, for a < 2M 2 W , the Higgs mass is predicted to be M H < 2M W and even coincides with the observed value M H = 125 GeV for a choice of a. We should note also that, in this case, the mass of the CP-odd neutral scalar P is degenerated with M H , while the mass of the charged Higgs 2a + M 2 W is larger than M H but on the order of the weak scale, which may be potentially dangerous when confronted with the LHC data. Fortunately, however, the present experimental lower bounds for the masses of the exotic scalar particles are rather loose: even for the charged scalar, the lower bound is still around 80 GeV or so [13] . Note that, in this case, the lighter Higgsh does not belong to the doublet developing the VEV, although it should have Yukawa couplings with fermions through its higher-dimensional gauge interaction.
In the opposite case of a > 2M 2 W , the Higgs mass is just 2M W and we recover the prediction of the one Higgs doublet models. Now, the Higgs belongs to the doublet developing the VEV v, just as in the SM. In this case, as long as the coefficient a is sufficiently large, the other physical scalars become massive. In fact, in the limit of the compactification scale M c ≡ 1 R → ∞, we expect that the theory reduces to the SM, and such decoupling of four additional scalars, h ± , P , andh, and therefore the recovery of the prediction of the one doublet model are reasonable. We will see that a is one order of magnitude smaller than O(αM 2 c ) [ α : the fine structure constant, see (5.48) and (5.59) ]. This situation mimics the case of MSSM, where in the limit M SU SY → ∞ the SM is expected to be recovered.
To summarize, the 6D GHU model with two Higgs doublets has a desirable feature that it predicts
and the predicted Higgs mass may even coincide with the observed value already at the leading order of the perturbative expansion. This is in clear contrast to the case of MSSM, where M H ≤ M Z cos 2β (≤ M Z ) at the leading order and cannot agree with the observed value. In order to confirm that the quadratic terms really take the form shown in (5.9), derived from an argument relying on the gauge symmetry and the symmetry of the torus, we now perform concrete calculations of the quantum corrections to the quadratic terms in two types of models: a model with a matter scalar and a model with a matter fermion.
A model with matter scalar
We introduce SU(3) triplet complex scalar fields to the theory as the matter fields:
The Z 2 -parity assignment for this matter fields is
where P is given in (5.2). Thus, its KK mode expansion is
where there are degeneracies among the 4D fields because of the Z 2 orbifolding:
Instead of evaluating 2-point functions of H 1,2 by directly calculating relevant Feynman diagrams, let us calculate the radiatively induced effective potential of H 1,2 by the use of the background field method under the following background for the Higgs fields:
Under this background, gauge covariant derivatives along the extra space, when they act on the KK mode (n 1 , n 2 ) of (5.31), are equivalent to the multiplications of the following matrices:
where I 2 is the 2 × 2 unit matrix. This leads to the "mass-squared" operator for the KK mode,
We do not introduce a bulk mass for the scalar field, since the quadratic terms of the Higgs fields do not suffer from infrared divergences.
The effective potential due to the bubble diagrams of the scalar matter fields is given as
where I 3 is the 3×3 unit matrix and the Tr is taken over the 3×3 matrix. p E is an Euclidean 4-momentum. The factor 1 2 is to take care of the degeneracy (5.32) [ This prescription is also applicable to the KK zero-mode with (n 1 , n 2 ) = (0, 0), since in (5.35), the zero-mode contribution exists for the third component of the triplet, although actually the mode function for the third component, being an odd function, disappears for the KK zero mode ]. If we ignore the charged scalars of H 1,2 , the three eigenvalues of the matrix M
The field-dependent eigenvalues cannot take a simple form, except in specific cases such as θ = 0, where
The lesson here is that the evaluation of the whole effective potential by the use of Poisson resummation is difficult.
Nevertheless, once we obtain the general formula (5.36) for the effective potential, we easily get the quadratic terms of H 1,2 by the use of its Taylor expansion with respect to the fields H 1,2 :
In the second term of the r.h.s. of (5.39), the coefficient of the operator Re(H † 1 H 2 ) vanishes, just because it is proportional to 
Thus in this model, there is no quadratic term other than the terms with coefficients a and b in (5.9), as we expected, and the contributions to these coefficients due to the matter scalars are given as
we get
(5.
leads to
(5.45)
First, we comment on the zero-winding sector, (k 1 , k 2 ) = (0, 0), which corresponds to the contribution to the local mass-squared operator of the Higgs fields and should be forbidden by local gauge symmetry. In fact, (5.45), having the prefactor k
, clearly implies that the contribution of the zero-winding sector vanishes. Thus, as we expected, the zero-winding sector disappears, and in the remaining contribution the integrals over t and 4-momentum p E are convergent. Then, using the formula
(5.47)
By changing the variable,
→ l, and performing the integral over l, we finally get
A model with matter fermion
In the model with scalar matter fields, although the necessary condition (5.11) is satisfied, unfortunately another condition (5.16) is not satisfied, as we see in (5.48).
Thus, we now discuss a model with SU(3) triplet fermions as the matter fields:
The quantum correction due to the matter fermions is known to yield the nonvanishing coefficient b through the commutator of gauge co variant derivatives, [D 5 , D 6 ], as we will see below.
The 6D gamma matrices are given in the space of the direct product of the 4D spinor space and [ SU(2) ] internal space as
Then, the 6D chiral operator is given as
Our matter fermion is assumed to be 6D Weyl fermion:
Let us note that, even if we adopt the 6D Weyl fermion with the eigenvalue −1 of Γ 7 , there are two cases, 4D right-handed fermion with +1 eigenvalue of σ 3 and 4D left-handed fermion with −1 eigenvalue of σ 3 .
The Z 2 -parity assignment for Ψ is
Thus, its KK mode expansion is as follows:
54) where there are degeneracies among the 4D fields because of the Z 2 orbifolding:
Similarly to the case of the model with a matter scalar, the mass-squared matrix, i.e., the squared Dirac operator, is calculated to bẽ
We naively expect that the additional operator with the prefactor I 4 ⊗ σ 3 , the contribution of the commutator [D 5 , D 6 ], i.e., of the "tadpole" F 5, 6 , vanishes under the Tr in the evaluation of the effective potential. In fact, for nonzero KK modes, each component of Ψ has both 4D chiralities, i.e., both ±1 eigenvalues of σ 3 and the sum of the eigenvalues of the additional operator just vanishes. For the KK zero-mode sector, however, ψ 1,2 and ψ 3 are L and R 4D Weyl spinors. This means that ψ 1,2 and ψ 3 have −1 and +1 eigenvalues of σ 3 , respectively, and the sum of the eigenvalues is nonvanishing :
Thus, we will take only the KK zero-mode into account when we evaluate the tadpole term. The effective potential due to the bubble diagram of the matter fermion is given similarly to (5.36) as
(5.58)
Again, we easily get the quadratic terms of H 1,2 by performing the Taylor expansion with respect to
is exactly the same as that in the case of the model with a scalar matter, except for the difference in the overall factor, and the additional tadpole contribution inM
readily leads to the coefficient b. Namely, the fermionic contributions to the coefficients a and b in (5.9) are given as
(5.59)
We realize that b (f ) is quadratically UV-divergent, as we anticipated, and the condition (5.16) is easily satisfied, although we need a renormalization procedure. We also note that the sign of a (f ) is opposite to that of a (s) , coming from the difference in the statistics. Thus, supposing we introduce n s matter scalars and n f matter fermions, the condition (5.11) requires [ see (5.48) and (5.59) ]
We, however, should note that to make the analysis more realistic, we anyway need to take the quantum corrections due to the gauge fields and Higgs fields into account, in addition to the contribution due to the matter fields. In fact, the contributions to the coefficient a by such bosonic states are expected to be positive, and the condition (5.11) may be satisfied without introducing any matter scalar fields. Now, one comment is in order. Similar discussions concerning the effective Higgs potential and mass eigenvalues of physical scalars in the 6D U(3) GHU model with two Higgs doublets already exist in the literature [8, 14] . In these works, however, the effective potential was evaluated only for the flat direction, H 1 ∝ H 2 , and therefore the obtained vacuum states are different from what we obtained in this work. However, the mass eigenvalues of physical scalars were discussed by considering the fluctuations of the scalar fields around the origin or the vacuum state along the flat direction. (3), as we will see below, thus leading to the successful prediction of the weak mixing angle.
SU(4) GHU Model with Two Higgs Doublets
What we need to realize for the KK zero-modes of the gauge-Higgs sector are the following forms: 
The calculation of the effective potential V (H 1 , H 2 ) of the two Higgs doublets is exactly the same as in the case of the SU(3) model, discussed in the previous section; therefore, the relation M H < 2M W can be realized by introducing matter fermions belonging to the fundamental repr. of SU(4),
whose components are given Z 2 -parities, in the same way as (5.53) with P = diag ((1, 1), (1, 1), (1, −1), (−1, −1) ), (6.7) in accordance with (6.3). Now a pair (ψ 2 , ψ 4 ) couples with φ . This means that M c ∼ M W , unless α becomes small for some reason (e.g., by the introduction of many exotic matter fields belonging to the adjoint repr. of the gauge group [10] ), and will lead to an immediate contradiction with the recent data from LHC experiments, which have not seen any evidence of BSM physics.
In the GHU models with multiple extra dimensions discussed in this paper, however, the situation is different. Namely, although the ratio M H M W is predictable to be finite, we realize that M W itself is not correlated with M c . The essential difference from the case of 5D GHU is that the radiatively induced VEV v or the weak scale M W is UV-divergent due to the divergent coefficient b, as seen in (5.18) and (5.19). Hence, the VEV and therefore M W need to be renormalized and are not calculable. Now, M c is fixed so that it recovers the observed Higgs mass: as is seen in ( This work is the first step toward a truly realistic GHU model with successful mass ratios of the Higgs boson and weak gauge bosons, and there remain issues to be settled. Concerning the prediction of the weak mixing angle, since Sp(6) and SU(4) are groups of rank 3, the unnecessary additional U(1) gauge boson needs to be removed. This may be realized by invoking the anomaly of the associated gauge symmetry or by putting an additional mass term for the gauge boson at the orbifold fixed points.
We also note that q = 1 and 0, necessary to realize the realistic prediction sin 2 θ W = 1/4, implies that all the components of the SU(3) triplet have integer charges as seen from (2.2). This means that all the components of the repr.s of the theory have integer charges, and quarks cannot be assigned to any repr. of the bulk gauge symmetry. Then, we encounter the problem on how the quark fields are incorporated to the theory. One possibility may be to put the quark fields on the fixed points of the orbifold, as was proposed in [12] . Concerning the prediction of the Higgs mass, the values of the coefficients a and b in the potential (5.9), which play crucial roles in the prediction of the Higgs mass and to realize the spontaneous symmetry breaking, are sensitive to the content of the fields contributing to the quantum corrections of a and b. Thus, we need a full calculation of the quantum correction including the contributions of the gauge-Higgs sector in addition to that of the matter fields, before we get a conclusive prediction of the Higgs mass as the function of the compactification scale. On the other hand, we expect that the desirable feature (7.1) of the GHU model itself, derived from the argument based on the general form of the effective potential, will not change.
Finally, in the attractive case of M H < 2M W , the identified Higgs fieldh is not the field developing the VEV v, although it has Yukawa couplings with matter fermions through higher-dimensional gauge interaction. Thus, the Higgs boson does not behave like the one in the SM. Let us note that, also in MSSM, the lighter CP-even state does not coincide with the field developing the VEV. Thus, the situation mentioned above in our two doublet models may change by introducing the degrees of freedom, corresponding to the two angles α and β (denoting the relative weights of two doublets H U and H D in the CP-even mass eigenstates and the VEV) in the MSSM. Such modification of the model will be possible if we adopt "asymmetric torus" with | l 1 | = | l 2 | and/or an arbitrary relative angle between two lattice vectors l 1 and l 2 , as was discussed in the literature [8, 14] .
We leave these issues for a future publication.
